Biases with the Generalized Euclidean Distance measure in disparity analyses with high levels of missing data by Lehman, OER et al.
This is a repository copy of Biases with the Generalized Euclidean Distance measure in 
disparity analyses with high levels of missing data.
White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/146697/
Version: Accepted Version
Article:
Lehman, OER, Ezcurra, MD, Butler, RJ et al. (1 more author) (2019) Biases with the 
Generalized Euclidean Distance measure in disparity analyses with high levels of missing 
data. Palaeontology, 62 (5). ISSN 0031-0239 
https://doi.org/10.1111/pala.12430
© The Palaeontological Association. This is the peer reviewed version of the following 
article: Lehmann, O. E., Ezcurra, M. D., Butler, R. J. and Lloyd, G. T. (2019), Biases with 
the Generalized Euclidean Distance measure in disparity analyses with high levels of 
missing data. Palaeontology, 62: 837-849, which has been published in final form at 
https://doi.org/10.1111/pala.12430. This article may be used for non-commercial purposes 
in accordance with Wiley Terms and Conditions for Use of Self-Archived Versions.
eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/
Reuse 
Items deposited in White Rose Research Online are protected by copyright, with all rights reserved unless 
indicated otherwise. They may be downloaded and/or printed for private study, or other acts as permitted by 
national copyright laws. The publisher or other rights holders may allow further reproduction and re-use of 
the full text version. This is indicated by the licence information on the White Rose Research Online record 
for the item. 
Takedown 
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by 
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request. 
%,$6(6 :,7+ 7+( *(1(5$/,=(' (8&/,'($1 ',67$1&( ,1 ',63$5,7<$1$/<6(6
:+(10,66,1*'$7$,6$%81'$17 
 
E\ 26&$5 ( 5 /(+0$11 0$57Ë1 ' (=&855$ 5,&+$5' - %87/(5 DQG
*5$(0(7//2<' 
 
 6HFFLyQ 3DOHRQWRORJtD GH 9HUWHEUDGRV &21,&(7í0XVHR $UJHQWLQR GH &LHQFLDV 1DWXUDOHV
³%HUQDUGLQR 5LYDGDYLD´ &'-5 %XHQRV$LUHV$UJHQWLQD HPDLOV OHKPDQQF[LL#JPDLOFRP
PDUWLQGH]FXUUD#\DKRRFRPDU 
6FKRRORI*HRJUDSK\(DUWKDQG(QYLURQPHQWDO6FLHQFHV8QLYHUVLW\RI%LUPLQJKDP(GJEDVWRQ
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&RUUHVSRQGLQJDXWKRUV 
 
$EVWUDFW 7KH *HQHUDOL]HG (XFOLGHDQ 'LVWDQFH *(' KDV EHHQ H[WHQVLYHO\ XVHG WR FRQGXFW
PRUSKRORJLFDOGLVSDULW\DQDO\VHVEDVHGRQSDODHRQWRORJLFDOPDWULFHVRIGLVFUHWHFKDUDFWHUV7KLVLVLQ
SDUWEHFDXVHVRPHLPSOHPHQWDWLRQVDOORZWKHXVHRIPRUSKRORJLFDOPDWULFHVZLWKKLJKSHUFHQWDJHV
RIPLVVLQJGDWDZLWKRXWQHHGLQJWRSUXQHWD[DIRUDVXEVHTXHQWRUGLQDWLRQRIWKHGDWDVHW3UHYLRXV
VWXGLHV KDYH VXJJHVWHG WKDW WKLV ZD\ RI XVLQJ WKH *(' PD\ JHQHUDWH D ELDV LQ WKH UHVXOWLQJ
PRUSKRVSDFH EXW D GHWDLOHG VWXG\ RI WKLV SRVVLEOH HIIHFW ZDV VWLOO ODFNLQJ +HUH ZH WHVW LI WKH
SHUFHQWDJHRIPLVVLQJGDWDIRUDWD[RQDUWLILFLDOO\LQIOXHQFHVLWVSRVLWLRQLQWKHPRUSKRVSDFHDQGLI
PLVVLQJGDWDDIIHFWVSUHDQGSRVWRUGLQDWLRQGLVSDULW\PHDVXUHV:HILQGWKDWWKLVXVHRIWKH*('
FUHDWHVDV\VWHPDWLFELDVZKHUHE\WD[DZLWKKLJKHUSHUFHQWDJHVRIPLVVLQJGDWDDUHSODFHGFORVHUWR
WKHFHQWUHRIWKHPRUSKRVSDFHWKDQWKRVHZLWKPRUHFRPSOHWHVFRULQJV7KLVELDVH[WHQGVLQWRSUH
DQGSRVWRUGLQDWLRQFDOFXODWLRQVRIGLVSDULW\PHDVXUHVDQGFDQOHDGWRHUURQHRXVLQWHUSUHWDWLRQVRI
GLVSDULW\SDWWHUQVHVSHFLDOO\LIVSHFLPHQVSUHVHQWLQDSDUWLFXODUWLPHLQWHUYDORUFODGHKDYHGLVWLQFW
Commented [RJB1]: $QDOWHUQDWLYHZRXOGEH³%LDVHVZLWKWKH
JHQHUDOL]HG(XFOLGHDQGLVWDQFHLQGLVSDULW\DQDO\VHVZLWKKLJKOHYHOV
RIPLVVLQJGDWD´ 
SURSRUWLRQVRIPLVVLQJLQIRUPDWLRQ:HVXJJHVWWKDWWKLVLPSOHPHQWDWLRQRIWKH*('VKRXOGEHXVHG
ZLWKFDXWLRQHVSHFLDOO\LQFDVHVZLWKKLJKSHUFHQWDJHVRIPLVVLQJGDWD5HVXOWVUHFRYHUHGXVLQJDQ
DOWHUQDWLYHGLVWDQFHPHDVXUH0D[LPXP2EVHUYHG5HVFDOHG'LVWDQFH025'DUHPRUHUREXVWWR
PLVVLQJGDWD$VDFRQVHTXHQFHZHVXJJHVWWKDW025'LVDPRUHDSSURSULDWHGLVWDQFHPHDVXUHWKDQ
*('ZKHQDQDO\VLQJGDWDVHWVZLWKKLJKDPRXQWVRIPLVVLQJGDWD 
 
.H\ZRUGV0RUSKRORJLFDOGLVSDULW\GLVWDQFHPHDVXUHPLVVLQJGDWDSDODHRQWRORJLFDOPDWULFHV 
 
$ODUJHQXPEHURISDODHRQWRORJLFDOVWXGLHVGHDOLQJZLWKPRUSKRORJLFDOGLVSDULW\KDYHEHHQSXEOLVKHG
RYHUWKHODVWGHFDGHPDLQO\GULYHQE\WKHZLGHVSUHDGXVHRIDOUHDG\DYDLODEOHPRUSKRORJLFDOPDWULFHV
FRQVWUXFWHGIRUSK\ORJHQHWLFDQDO\VHV$FULWLFDOVWHSLQPRVWRIWKHVHVWXGLHVLVWKHWUDQVIRUPDWLRQRI
WKH PRUSKRORJLFDO PDWUL[ LQWR D GLVWDQFH PDWUL[7KLV LV GRQH XVLQJ D GLVWDQFH PHDVXUH VXFK DV
*RZHU¶VFRHIILFLHQW*RZHUWKHPD[LPXPREVHUYHGUHVFDOHGGLVWDQFH025'/OR\G
RUWKH*HQHUDOL]HG(XFOLGHDQ'LVWDQFH*(':LOOVDPRQJRWKHUV7KHH[LVWHQFHRIPLVVLQJ
GDWDLQWKHPRUSKRORJLFDOPDWUL[FDQSURGXFHGLVWDQFHPDWULFHVZLWKPLVVLQJHQWULHVZKHQFHUWDLQ
GLVWDQFHPHDVXUHVDUHXVHG7KLVPHDQVWKDWQRGLVWDQFHFRXOGEHFDOFXODWHGIRUFHUWDLQSDLUVRIWD[D
EHFDXVHRIWKHDEVHQFHRIRYHUODSSLQJLQIRUPDWLRQEHWZHHQWKHPDUDWKHUFRPPRQVLWXDWLRQZKHQ
GHDOLQJZLWKSDODHRQWRORJLFDOLQIRUPDWLRQ$FRPSOHWHGLVWDQFHPDWUL[LVQHFHVVDU\LIDQRUGLQDWLRQ
LVGHVLUHG WR UHGXFH WKHGLPHQVLRQDOLW\RI WKHGDWD VHW WR SURGXFHDPRUSKRVSDFHFDOFXODWH VRPH
FRPPRQGLVSDULW\PHDVXUHVRUERWK$VWUHQJWKRIWKH*('LVWKDWLWRSHUDWHVE\LQIHUULQJPLVVLQJ
GLVWDQFHVDQGKHQFHLWLVSRVVLEOHWRDOZD\VUHWXUQDFRPSOHWHGLVWDQFHPDWUL[DQGLQSDUWEHFDXVHRI
WKLVLWKDVEHFRPHRQHRIWKHPRVWH[WHQVLYHO\XVHGGLVWDQFHPHDVXUHVHJ:LOOV%UXVDWWHHW
DO3UHQWLFHHWDO7KRUQHHWDO%XWOHUHWDO5XWDHWDODE+HWKHULQJWRQ
HWDO2\VWRQHWDO0DU[DQG)RUG\FH/DPVGHOODQG6HQGHO(]FXUUDDQG
%XWOHU+RZHYHUVRPHFRQFHUQVKDYHEHHQUDLVHGDERXWWKHVPRRWKLQJHIIHFWWKH*('PD\
KDYHRQWKHGLVWDQFHPDWUL[DQGWKHGLVSDULW\HVWLPDWHVGHULYHGIURPLWHVSHFLDOO\ZKHQLWLVXVHGWR
DQDO\VHPDWULFHVZLWKDKLJKSHUFHQWDJHRIPLVVLQJGDWD/OR\G(]FXUUDDQG%XWOHU 
 ,QWKLVVWXG\ZHH[SORUHWKHSHUIRUPDQFHRIWKH*('LQGLVSDULW\DQDO\VHVEDVHGRQGLVFUHWH
FKDUDFWHUPDWULFHVWRDGGUHVVWKHFRQFHUQVDERXWLWVSRVVLEOHELDVHV7KLVLVHVSHFLDOO\LPSRUWDQWGXH
WRWKHZLGHVSUHDGXVHRIWKH*('7KHEHKDYLRXURIDQDOWHUQDWLYHGLVWDQFHPHDVXUH025'LVDOVR
DQDO\VHGDVDFRQWURODJDLQVWZKLFK WRFRPSDUH WKH*('7KUHHPDLQREMHFWLYHVGURYH WKLVVWXG\
)LUVWWRGHWHUPLQHLIDK\SRWKHVLVHGELDVUHVXOWLQJIURPWKHUHSODFHPHQWVPDGHE\WKH*('DUHLQGHHG
SUHVHQW VHFRQG WR H[SORUH LI WKLV ELDV SURGXFHV D QRWLFHDEOH GLVWRUWLRQ LQ WKH PRUSKRVSDFH DQG
ILQDOO\ WR GHWHUPLQH LI GLIIHUHQFHV LQ WKH SHUFHQWDJH RI PLVVLQJGDWD EHWZHHQ JURXSV RI WD[D FDQ
H[SODLQZKLFKJURXSLVUHFRYHUHGDVWKHPRVWGLVSDUDWH 
 
0$7(5,$/6 
 
$GDWDVHWRISXEOLVKHGPRUSKRORJLFDOPDWULFHVHDFKFRQWDLQLQJDWOHDVWWD[DDQGFKDUDFWHUV
ZDVXVHGIRUWKLVVWXG\7KHVHPDWULFHVFRPSULVHDZLGHVSHFWUXPRIWD[RQRPLFJURXSVLQFOXGLQJ
SODQWV EHHWOHV HFKLQRLGV DFWLQRSWHU\JLDQV EDVDO WHWUDSRGV GLQRVDXUV ELUGV OHSLGRVDXUV DQG
PDPPDOV DPRQJ RWKHUVDQGZHUH SULPDULO\FRQFHLYHG IRU FODGLVWLFSK\ORJHQHWLF DQDO\VHV7KH\
UDQJHIURPWRWD[DDQGIURPWRFKDUDFWHUV2QO\GLVFUHWHFKDUDFWHUVDUHSUHVHQW0RVW
RI WKH PDWULFHV DUH FRPSLOHG DW WKH SHUVRQDO ZHE SDJH RI RQH RI WKH DXWKRUV *7/
KWWSZZZJUDHPHWOOR\GFRPZHUHSUHYLRXVO\XVHGE\:ULJKWHWDODQGDOODUHDYDLODEOH
LQ /HKPDQQ HW DO  6,  WRJHWKHU ZLWK D FRPSOHWH OLVW RI UHIHUHQFHV 7KH DQDO\VHV ZHUH
SHUIRUPHGZLWKGLIIHUHQWVXEVHWVRIWKHVHPDWULFHVDVGLVFXVVHGEHORZ'HWDLOHGLQIRUPDWLRQDERXW
WKHLUGLPHQVLRQVGLVWULEXWLRQRIPLVVLQJGDWDDQGXVHLVDYDLODEOHLQ/HKPDQQHWDO6, 
 
0(7+2'6 
 
7KHIROORZLQJDQDO\VHVZHUHFDUULHGRXWXVLQJERWKWKH*('DQGWKH025'IRUWKHJHQHUDWLRQRIWKH
GLVWDQFHPDWULFHV,QVRPHFDVHVWKHRUGLQDWLRQPD\EHFRPHLPSRVVLEOHZKHQWKH025'LVXVHGDV
LWLVRQHRIWKHGLVWDQFHPHDVXUHVWKDWGRHVQRWJXDUDQWHHWKHFUHDWLRQRIDFRPSOHWHGLVWDQFHPDWUL[
7R VROYH WKHVH FDVHV WKH 7ULP0RUSK'LVW0DWUL[ IXQFWLRQ RI &ODGGLV /OR\G  ZDV XVHG WR
JHQHUDWHDFRPSOHWHGLVWDQFHPDWUL[7KLVIXQFWLRQLWHUDWLYHO\UHPRYHVWKHWD[DUHVSRQVLEOHIRUWKH
JHQHUDWLRQRIPRVWHPSW\FHOOVXQWLOWKHPDWUL[LVFRPSOHWH7KHVHWD[DZHUHDOVRWULPPHGIURPWKH
*(' PDWUL[ LQRUGHU WR JHQHUDWH FRPSDULVRQVZLWK WKH VDPH WD[RQVDPSOLQJ7KLV DSSURDFK DOVR
PDNHV WKH DQDO\VHV SUHVHQWHGKHUH PRUH FRQVHUYDWLYH WKDQ LI WKH*(' ZHUH XVHG GLUHFWO\ RQ WKH
XQWULPPHGPDWUL[DVLWLVFRPPRQO\XVHGEHFDXVHWKHWULPPHGWD[DWHQGWREHWKHPRVWLQFRPSOHWH
DQGWKXVWKHPRVWSURQHWREHDIIHFWHGE\DQ\ELDVJHQHUDWHGE\WKH*(' 
 $OOWKHDQDO\VHVSHUIRUPHGLQWKLVVWXG\ZHUHFRQGXFWHGLQWKHSURJUDPPLQJHQYLURQPHQW5
5&RUH7HDPXVLQJFXVWRPPDGHIXQFWLRQVDQGIXQFWLRQVLPSOHPHQWHGLQWKHSDFNDJH&ODGGLV
Y/OR\G7KHVFULSWVXVHGIRUWKLVVWXG\DUHDYDLODEOHLQ/HKPDQQHWDO6WDWLVWLFDO
VLJQLILFDQFHZDVDVVHVVHGDWĮ  
 
&DOFXODWLRQRI*('DQG025' 
7KH*('GLMEHWZHHQDWD[RQLDQGDWD[RQMLVFDOFXODWHGZLWKWKHIROORZLQJIRUPXOD 
 
݀௜௝ ൌ ඩ෍൫ ௜ܵ௝௞ ௜ܹ௝௞൯ଶ௩௞ୀଵ  
 
ZKHUHNLVWKHFXUUHQWFKDUDFWHUYLVWKHWRWDOQXPEHURIFKDUDFWHUV6LMNLVWKHGLVVLPLODULW\EHWZHHQ
WD[RQLDQGWD[RQMIRUFKDUDFWHUNDQG:LMNLVWKHZHLJKWRIFKDUDFWHUN,WFDQEHXVHGWRJHQHUDWHD
FRPSOHWHGLVWDQFHPDWUL[E\UHSODFLQJPLVVLQJGLVVLPLODULWLHVZLWKDZHLJKWHGPHDQYDOXH ǇܵREWDLQHG
IURPWKRVHGLVVLPLODULWLHVWKDWFRXOGEHFDOFXODWHGDVIROORZV 
 
Ǉܵ ൌ σ ൫ ௜ܵ௝௞ ௜ܹ௝௞ߜ௜௝௞൯௩௞ୀଵσ ݎܽ݊݃݁௩௞ୀଵ ሺܺ௞ሻ ௜ܹ௝௞ 
 
ZKHUHįLMNLVLIERWKWD[DKDYHDVFRUHGQRQPLVVLQJYDOXHIRUFKDUDFWHUNDQGLIDQ\RIWKHPLV
PLVVLQJDQGUDQJH;NUHSUHVHQWVWKHPD[LPXPSRVVLEOHGLVVLPLODULW\IRUFKDUDFWHUN1RWHWKDWLQ
:LOOV¶  RULJLQDO SDSHU WKLV ZHLJKWHG PHDQ IUDFWLRQDO XQLYDULDWH GLVWDQFH ZDV LQWHQGHG WR
UHSUHVHQW WKHWD[RQSDLUEHLQJFRQVLGHUHGRQO\EXW DVSRLQWHGRXWE\+RSNLQVDQG6W-RKQ
/OR\GPLVLQWHUSUHWHGWKLVDVUHSUHVHQWLQJWKHPHDQIRUWKHZKROHPDWUL[LHDOOWD[RQSDLUV
7KXVDV:LOOVRULJLQDOO\FRQFHLYHGWKH*('LWZRXOGVXIIHUIURPWKHVDPHLQFRPSOHWHGLVWDQFH
PDWUL[SUREOHPDVRWKHUPHWULFV+RZHYHUKHUHZHXVHWKHFRPPRQ/OR\GLPSOHPHQWDWLRQ
DYDLODEOHLQ&ODGGLVYHUVLRQVDVWKLVLVERWKWKHRQO\FXUUHQWO\RIIHUHGLPSOHPHQWDWLRQWKDW
ZLOODOZD\VUHWXUQFRPSOHWHSDLUZLVHGLVWDQFHVDQGWKHPRVWIUHTXHQWO\DSSOLHG*('LPSOHPHQWDWLRQ
LQWKHUHFHQWOLWHUDWXUH 
7KH025'LVMXVWDVOLJKWPRGLILFDWLRQRI*RZHU¶V&RHIILFLHQW\LHOGLQJLGHQWLFDOUHVXOWVWR
LWZKHQDOOWKHFKDUDFWHUVDUHELQDU\RUXQRUGHUHG/OR\GDQGLVFDOFXODWHGDV 
 
݀௜௝ ൌ σ ൫ ௜ܵ௝௞ ௜ܹ௝௞൯௩௞ୀଵσ ݎܽ݊݃݁௩௞ୀଵ ሺܺ௞ሻ ௜ܹ௝௞ 
 
7KHGLVWDQFHVREWDLQHGZLWKWKLVIRUPXODZHUHVXEMHFWHGWRWKHDUFVLQHVTXDUHURRWWUDQVIRUPDWLRQDV
LVGHIDXOWLQWKH5SDFNDJH&ODGGLV/OR\G$GHWDLOHGDFFRXQWRIWKHWZRGLVWDQFHPHDVXUHV
XVHGKHUHLVDYDLODEOHLQ/HKPDQQHWDO6, 
 
(IIHFWRQWKHPRUSKRVSDFH 
7KH ILUVW HIIHFW HYDOXDWHG ZDV LI WKH XVH RI WKH *(' LQIOXHQFHG WKH SRVLWLRQ RI WD[D LQ WKH
PRUSKRVSDFH7KLVZDVGRQHIRUDQHPSLULFDOVHWRIPRUSKRORJLFDOPDWULFHVDQGIRUDVLPXODWHGVHW
RI PDWULFHV FUHDWHG E\ LQFOXGLQJ VHTXHQWLDOO\ KLJKHU SHUFHQWDJHV RI PLVVLQJ GDWD LQWR HPSLULFDO
PDWULFHVZLWKRULJLQDOO\YHU\ORZSHUFHQWDJHVRIPLVVLQJGDWD 
 
(PSLULFDOPDWULFHVZLWKPLVVLQJGDWD7KLVDQDO\VLVKDGWKHREMHFWLYHRIWHVWLQJLIWKHUHLVDQLQYHUVH
FRUUHODWLRQEHWZHHQWKHSHUFHQWDJHRIPLVVLQJGDWDIRUDWD[RQDQGLWVGLVWDQFHWRWKHFHQWURLGRIWKH
PRUSKRVSDFHZKHQWKH*('LVXVHGWRFRQVWUXFWWKHGLVWDQFHPDWUL[,IWKLVLVWKHFDVHWKHQWD[DZLWK
DKLJKHU SHUFHQWDJH RI PLVVLQJ GDWD ZLOO EH FORVHU WR WKH FHQWURLG WKDQ WKRVH ZLWK IHZHU PLVVLQJ
HQWULHVDUJXDEO\EHFDXVHWKH*('UHSODFHVDKLJKHUSHUFHQWDJHRIWKHLUSDLUZLVHGLVVLPLODULWLHVZLWK
DZHLJKWHGPHDQYDOXH:HIXUWKHUFRQVLGHUHGZKHWKHUFRUUHODWLRQVPD\EHPRUHSURQRXQFHGZKHQ
VPDOOHUDPRXQWVRIYDULDQFHDUHXVHGLQWKHFDOFXODWLRQRIGLVWDQFHWRWKHFHQWURLGDQGWKDWWKHELDV
PLJKWGLVDSSHDUDIWHUDFHUWDLQWKUHVKROGOHYHORIH[SODLQHGYDULDQFH 
 $WRWDORIPDWULFHVZLWKPRUHWKDQRIPLVVLQJGDWDZHUHXVHGIRUWKLVDQDO\VLV7KH
ILUVWVWHSZDVWKHFUHDWLRQRIWKHGLVWDQFHPDWULFHVZKLFKZDVIROORZHGE\ WKHLURUGLQDWLRQZLWKD
SULQFLSDOFRRUGLQDWHVDQDO\VLV3&R$*RZHU/HJHQGUHDQG/HJHQGUHFKWRJHQHUDWH
DPRUSKRVSDFHRIUHGXFHGGLPHQVLRQDOLW\:LOOV7KH/LQJRHVFRUUHFWLRQ/LQJRHVZDV
DSSOLHG LI QHJDWLYH HLJHQYDOXHV ZHUH FUHDWHG 7KLV FRUUHFWLRQ LV QHFHVVDU\ LI DOO HLJHQYDOXHV DUH
UHTXLUHGIRUWKHLQWHUSUHWDWLRQRIWKHGDWDRULIWKHDEVROXWHYDOXHRIWKHODUJHVWHLJHQYDOXHLVODUJHU
WKDQWKHVPDOOHVWSRVLWLYHHLJHQYDOXHRIWKHSULQFLSDOFRRUGLQDWHD[HV>3&RV@RILQWHUHVW>/HJHQGUH
DQG/HJHQGUHS@EXWLWIUHTXHQWO\FDXVHVDGLVWLQFWUHGXFWLRQLQWKHYDULDQFHH[SODLQHG
E\WKHILUVWIHZ3&RV+RSNLQV$VWKH3&R$VDUHIUHTXHQWO\FRUUHFWHGLQSXEOLVKHGGLVSDULW\
DQDO\VHVHJ3UHQWLFHHWDO%XWOHUHWDO2\VWRQHWDOZHGHFLGHGWRLQFOXGHWKH
FRUUHFWLRQ DV D VWHS LQ WKH GLVSDULW\ SLSHOLQH EXW ZH QRWH WKDW RWKHU DXWKRUV SUHIHU WR DYRLG WKH
FRUUHFWLRQLILWLVQRWFRPSOHWHO\QHFHVVDU\HJ+RSNLQVDQG6PLWK+RSNLQV7KXVWR
WHVWLIWKHXVHRIDFRUUHFWLRQFRXOGDIIHFWWKHUHVXOWVRIRXUVWXG\WKLVSDUWLFXODUDQDO\VLVZDVDOVR
SHUIRUPHGZLWKRXW DQ\FRUUHFWLRQIRUQHJDWLYHHLJHQYDOXHV3&RVZLWKQHJDWLYH HLJHQYDOXHVZHUH
H[FOXGHGIURPWKHDQDO\VLV 
 6XEVHTXHQWO\WKH(XFOLGHDQGLVWDQFHZDVFDOFXODWHGEHWZHHQHDFKWD[RQDQGWKHFHQWURLGRI
WKHPRUSKRVSDFHZKLFKLVLWVRULJLQRIFRRUGLQDWHVDQGDOVRWKHPHDQRI WKH3&RV7KLVZDVGRQH
HPSOR\LQJWKH3&RVWKDWFRUUHVSRQGWRDFFXPXODWHGYDULDQFHIURPWRLQLQFUHPHQWV
DQG WKH SDUWLFXODU FDVH RI WKH YDULDQFH DFFXPXODWHG LQ WKH ILUVW WKUHH 3&RV ZKLFK DUH WKH PRVW
FRPPRQO\ XVHG WR JUDSKLFDOO\ UHSUHVHQW WKH PRUSKRVSDFH )LQDOO\ WKH 6SHDUPDQ
V FRUUHODWLRQ
FRHIILFLHQW ZDV FDOFXODWHG EHWZHHQ WKH SHUFHQWDJH RI PLVVLQJ GDWD IRU HDFK WD[RQ DQG WKH
FRUUHVSRQGLQJGLVWDQFH WR WKH FHQWURLG RI WKHPRUSKRVSDFH7KLV ZDVFDOFXODWHG IRUHDFKGLVWDQFH
PHDVXUHDQGHDFKOHYHORIH[SODLQHGYDULDQFH 
 
(PSLULFDOPDWULFHVZLWKVLPXODWHGPLVVLQJGDWD7RGHWHUPLQHLIWKHUHVXOWVREWDLQHGLQWKHHPSLULFDO
DQDO\VHVFRXOGEHVLPXODWHGVRPHRI WKHVFRUHGGDWDHQWULHV LQPDWULFHVZLWK OHVV WKDQRI
PLVVLQJ GDWD ZHUH UDQGRPO\ UHSODFHG ZLWK PLVVLQJ YDOXHV 7KHVH PDWULFHV KDYH QR SRVVLEOH
PHDQLQJIXOFRUUHODWLRQEHWZHHQWKHSHUFHQWDJHRIPLVVLQJGDWDRIWKHLUWD[DDQGWKHGLVWDQFHVRIWD[D
WRWKHFHQWURLG7KLV LVIRUHLWKHURI WZRUHDVRQVPRVWRI WKHWD[DKDGQRPLVVLQJGDWDZKLFK
FDXVHGWKHPDMRULW\RIWKHGLVWDQFHVWRWKHFHQWURLGWREHHYDOXDWHGEDVHGRQDSHUFHQWDJHRIPLVVLQJ
GDWDHTXDOWR]HURRUWKHUHZHUHQRPLVVLQJHQWULHVLQWKHZKROHPDWUL[DQGWKHUHIRUHQRVWDQGDUG
GHYLDWLRQDQGWKXVQRFRUUHODWLRQFRHIILFLHQWFRXOGEHFDOFXODWHG 
 7RHQVXUHDUDWKHUUHDOLVWLFGLVWULEXWLRQRIPLVVLQJYDOXHVDFURVVWKHWD[DDEHWDGLVWULEXWLRQ
ZLWKSDUDPHWHUVĮ DQGȕ ZDVXVHGWRGUDZWKHSURSRUWLRQRIPLVVLQJGDWDWKDWHDFKWD[RQ
ZRXOGKDYHLQWKHPRUSKRORJLFDOPDWUL[7KHEHWDGLVWULEXWLRQKDVDGRPDLQRI>@DQGWKHVHOHFWHG
SDUDPHWHUV HQVXUHG DQ H[SHFWHG YDOXH RI  ZKLFK LV DSSUR[LPDWHO\ WKH PHGLDQ SURSRUWLRQ RI
PLVVLQJGDWDREVHUYHGLQWKHHPSLULFDOPDWULFHVXVHGLQWKHSUHYLRXVDQDO\VLV7RDYRLGXQUHDOLVWLF
VFHQDULRV VXFKDV D WD[RQ RU FKDUDFWHUZLWK RQHRUQRQH VFRULQJV WKH PLQLPXPQXPEHURIQRQ
PLVVLQJFKDUDFWHUVVFRUHGSHUWD[RQZDVOLPLWHGWRWKUHHDQGWKHPLQLPXPQXPEHURIQRQPLVVLQJ
VFRULQJVIRUDFKDUDFWHUWRWZR7KHGLVSDULW\DQDO\VLVSURWRFROZDVWKHVDPHDVZLWKWKHHPSLULFDO
GDWD VHW ZLWK WKH GLVWDQFH WR WKH FHQWURLG FDOFXODWHG XVLQJ DOO WKH 3&RV7KHHQWLUH SURWRFRO ZDV
UHSHDWHGWLPHVRQHDFKRIWKHPDWULFHV 
 
(IIHFWRQGLVSDULW\PHDVXUHV 
:HH[SORUHGWKHHIIHFWWKDWWKH*('PD\KDYHRQIRXUFRPPRQO\XVHGGLVSDULW\PHDVXUHVWKHSUH
RUGLQDWLRQPHDVXUHVPHDQSDLUZLVHGLVWDQFH03'DQGZHLJKWHGPHDQSDLUZLVHGLVWDQFH:03'
DQGWKHSRVWRUGLQDWLRQPHDVXUHVVXPRIYDULDQFHVDQGVXPRIUDQJHV'HWDLOVDERXWWKHFDOFXODWLRQ
RIWKHVHPHWULFVDQGVRPHRIWKHLULQWHUSUHWDWLRQVFDQEHIRXQGLQ/HKPDQQHWDO6,)LUVW
ZHHYDOXDWHGKRZWKHGLVSDULW\YDOXHVRIDPDWUL[YDULHGDVLQFUHDVLQJSHUFHQWDJHVRIHQWULHVZHUH
UDQGRPO\ UHSODFHG ZLWK PLVVLQJ YDOXHV 6HFRQGO\ ZH VWXGLHG KRZ WKH YDOXHV RI WKH GLVSDULW\
PHDVXUHV IRU JURXSV RI WD[D IURP WKH VDPH PDWUL[ YDULHG DV WKH JURXSV ZHUH DVVLJQHG GLIIHUHQW
SHUFHQWDJHVRIPLVVLQJHQWULHV 
 
:KROH PDWUL[ DQDO\VLV7KLV DQDO\VLV ZDV GHVLJQHG WR WHVW LI WKH XVH RI WKH *(' LQGXFHV D ELDV
DVVRFLDWHGZLWKWKHSHUFHQWDJHRIPLVVLQJGDWDRIWKHPRUSKRORJLFDOPDWUL[LQWRWKHFKRVHQGLVSDULW\
LQGLFHV 
 $WRWDORIPDWULFHVZLWKOHVVWKDQRIPLVVLQJGDWDZHUHXVHGIRUWKLVDQDO\VLV7KHILUVW
VWHSZDVWKHFDOFXODWLRQRIWKHIRXUGLVSDULW\PHDVXUHVIRUWKHXQPRGLILHGPDWULFHVLQRUGHUWRKDYHD
EDVHOLQH YDOXH WR ZKLFK FRPSDUH WKH VXEVHTXHQW UHVXOWV 7KH QH[W VWHS LQYROYHG WKH UDQGRP
UHSODFHPHQW RI EHWZHHQ  DQG  RI WKH HQWULHV RI WKH PDWUL[ ZLWK PLVVLQJ YDOXHV ZLWK
LQFUHPHQWVRIDQGWKHFDOFXODWLRQRIWKHGLVSDULW\PHDVXUHVIRUHDFKFDVH7KHUHSODFHPHQWZLWK
PLVVLQJHQWULHVVWDUWHGIURPWKHRULJLQDOXQPRGLILHGPRUSKRORJLFDOPDWUL[HYHU\WLPHDPDWUL[ZLWK
RIPLVVLQJGDWDZDVDVVLJQHGDOOLWVPLVVLQJYDOXHVDWRQFHQRWVL[WLPHVLQFUHDVLQJE\
7KLVSURWRFROZDVUHSOLFDWHGWLPHVIRUHDFKOHYHORISHUFHQWDJHRIPLVVLQJGDWD 
 7KH 03' DQG WKH:03' ZHUH FDOFXODWHG ZLWKRXW WULPPLQJ WKH GLVWDQFH PDWUL[ EXW WKH
FDOFXODWLRQRIWKHVXPRIYDULDQFHVDQGWKHVXPRIUDQJHVVRPHWLPHVUHTXLUHGWKHWULPPLQJRIWD[D
DVWKH3&R$ZDVDQHFHVVDU\VWHSIRUWKHLUFDOFXODWLRQ$VDUHVXOWWKHGLVSDULW\HVWLPDWHVIRUWKHVH
SRVWRUGLQDWLRQPHDVXUHVDUH FRPSDUDEOHZLWKHDFKRWKHUEXWQRWZLWK WKRVHRI WKHSUHRUGLQDWLRQ
PHDVXUHVEHFDXVHWKH\ZHUHFDOFXODWHGRQSRWHQWLDOO\GLIIHUHQWWD[RQVDPSOLQJV7KHVXPRIYDULDQFHV
DQGWKHVXPRIUDQJHVZHUHFDOFXODWHGXVLQJDOOWKH3&RV 
 
*URXSVRIWD[DIURPWKHVDPHPDWUL[7KLVDQDO\VLVZDVGHVLJQHGWRHYDOXDWHLIWKHGLVSDULW\PHDVXUHV
FDOFXODWHGIRUJURXSVRIWD[DZLWKLQDPDWUL[ZRXOGEHKLJKHUIRUJURXSVZLWKVPDOOHUSHUFHQWDJHVRI
PLVVLQJGDWDDQGORZHUIRUJURXSVZLWKKLJKHUSHUFHQWDJHVRIPLVVLQJGDWD,IWKLVLVWKHFDVHWKH
HIIHFW PD\ EH DWWULEXWHG WR WKH IDFW WKDW WKH ZHLJKWHG PHDQ YDOXH FDOFXODWHG E\ WKH *(' ZRXOG
JHQHUDWHDVWURQJHUELDV LQWKHJURXSVZLWKKLJKHUSHUFHQWDJHVRIPLVVLQJGDWD WKXVPDNLQJWKHP
PRUHKRPRJHQHRXVZKHQFRPSDUHGZLWKJURXSVZLWKVPDOOHULQIOXHQFHIURPWKHUHSODFHPHQWYDOXH 
 7RFRQGXFW WKLVDQDO\VLVPDWULFHVWKDW FRXOGEHEURNHQ LQWR ILYH HTXDOO\VL]HG UHDVRQDEO\
ODUJHRUPRUHWD[DJURXSVZHUHFKRVHQ7KHVHPDWULFHVZHUHDOVRUHTXLUHGWRKDYHOHVVWKDQ
RIPLVVLQJGDWD6HYHQRIWKHSUHYLRXVO\XVHGPDWULFHVZLWKOHVVWKDQRIPLVVLQJGDWDILWWKHVH
FULWHULDDQGWZRDGGLWLRQDOPDWULFHVZLWKDQRULJLQDOO\KLJKHUSHUFHQWDJHRIPLVVLQJGDWDEXWZLWK
LQFRPSOHWHWD[DUHPRYHGXQWLOWKHWKUHVKROGZDVPHWZHUHDOVRFRQVLGHUHGVXPPLQJXSDWRWDORI
QLQHPDWULFHV)LYHHTXDOO\VL]HGJURXSVRIWD[DZHUHUDQGRPO\FKRVHQIRUHDFKPDWUL[,IWKHRULJLQDO
QXPEHU RI WD[D LQDPDWUL[ZDVQRWGLYLVLEOHE\ ILYH WKHPD[LPXPQXPEHURI WD[D WKDW DOORZHG
JHQHUDWLQJHTXDOO\VL]HGJURXSVZDVUDQGRPO\FKRVHQ 
 7KLUWHHQGLIIHUHQWVLPXODWLRQVRIPLVVLQJGDWDGLVWULEXWLRQ7DEOHZHUHFRQFHLYHGWRSURYLGH
DGLYHUVHVFHQDULRRIGLVWULEXWLRQVRIPLVVLQJGDWDDPRQJWKHJURXSVRIWD[D7KHVLPSOHVWVLPXODWLRQV
LQYROYHGWKHUDQGRPUHSODFHPHQWRIDJLYHQSHUFHQWDJHRIFHOOVZLWKPLVVLQJGDWDHTXLYDOHQWWRWKH
SURFHGXUHH[SODLQHGLQWKHSUHYLRXVVHFWLRQ7KHRWKHUVLPXODWLRQVDVVLJQHGGLIIHUHQWSURSRUWLRQVRI
PLVVLQJGDWDWRHDFKJURXSRIWD[D)RUH[DPSOH6LPXODWLRQDVVLJQHGRIPLVVLQJGDWDWR*URXS
UDQGRPO\GLVWULEXWHGDPRQJDOOLWVWD[D3URJUHVVLYHO\VPDOOHUDPRXQWVRIPLVVLQJGDWDZLWKVWHSV
RIZHUHDVVLJQHGWRWKHRWKHUJURXSV7KLVZDVGHVLJQHGWRLQWURGXFHDWRWDORIRIPLVVLQJ
GDWDIRUWKHZKROHPDWUL[PDNLQJ6LPXODWLRQV±FRPSDUDEOHEHFDXVHWKH\DOOKDYHWKHVDPHRYHUDOO
TXDQWLW\RIPLVVLQJGDWDDQGRQO\GLIIHULQWKHLUGLVWULEXWLRQ 
7RDVVLJQWKHQXPHUDWLRQWRWKHJURXSVDSURFHGXUHWKDWHQVXUHGWKHLQGHSHQGHQFHEHWZHHQ
WKHQXPHUDWLRQDQGWKHSHUFHQWDJHRIPLVVLQJHQWULHVLQWURGXFHGZDVLPSOHPHQWHG7KHIRXUGLVSDULW\
PHDVXUHVZHUHFDOFXODWHGIRUHDFKJURXSDQGWKHQWKHJURXSVZHUHRUGHUHGDQGQXPEHUHGLQDZD\
WKDWPDGHWKH6SHDUPDQ¶VUDQNFRUUHODWLRQFRHIILFLHQWEHWZHHQWKHGLVSDULW\YDOXHVIRUHDFKPHDVXUH
DQGWKHVHTXHQFHWRHTXDOWR7KHQUHSOLFDWHVZHUHPDGHIRUHYHU\FRPELQDWLRQRIPDWUL[
DQGVLPXODWLRQDQGWKHGLVSDULW\PHDVXUHVZHUHFDOFXODWHGIRUHDFKJURXSLQHYHU\FDVH7KHSRVW
RUGLQDWLRQPHDVXUHVZHUHFDOFXODWHGHPSOR\LQJDOOWKH3&RV 
 7KH6SHDUPDQ¶V UDQNFRUUHODWLRQFRHIILFLHQW ZDVFDOFXODWHG WRFRPSDUH WKHYDOXHVRI HDFK
GLVSDULW\ PHDVXUH DQG WKH JURXS QXPEHU %HFDXVH RI WKH GHVLJQ RI WKH VLPXODWLRQV WKH EDVHOLQH
PHDVXUHVLHZLWKQRVLPXODWLRQRIPLVVLQJGDWDDQGWKHJURXSQXPEHUKDYHDFRUUHODWLRQFRHIILFLHQW
RI,QWKHVLPXODWLRQVLQZKLFKWKHGLVWULEXWLRQRIPLVVLQJGDWDLVKHWHURJHQHRXVEHWZHHQWKHJURXSV
WKHSHUFHQWDJHRIDVVLJQHGPLVVLQJGDWDZDVWKHKLJKHVWIRU*URXSDQGVHTXHQWLDOO\ORZHUZLWKWKH
ORZHVWSHUFHQWDJHLQ*URXS,IWKHGLVSDULW\PHDVXUHVFDOFXODWHGIRUJURXSVRIWD[DZLWKLQDPDWUL[
LVLQGHHGKLJKHUIRUJURXSVZLWKVPDOOHUSHUFHQWDJHVRIPLVVLQJGDWDDQGORZHUIRUJURXSVZLWKKLJKHU
SHUFHQWDJHVRIPLVVLQJGDWDWKH6SHDUPDQ¶VFRUUHODWLRQVKRXOGEHFORVHUWRDQGHTXDOWRLQWKH
FDVHVLQZKLFKWKHUDQNLQJRIWKHGLVSDULW\PHDVXUHLVFRPSOHWHO\GULYHQE\WKHGLVWULEXWLRQRIPLVVLQJ
GDWDEHWZHHQWKHJURXSV 
 
5(68/76 
 
(IIHFWRQWKHPRUSKRVSDFH 
(PSLULFDOPDWULFHVZLWKPLVVLQJGDWD$WRWDORIRIWKHVWXGLHGPDWULFHVVKRZHGDVLJQLILFDQW
DQGQHJDWLYHFRUUHODWLRQEHWZHHQWKHGLVWDQFHWRWKHFHQWURLGDQGWKHSHUFHQWDJHRIPLVVLQJGDWDLQ
WKHWD[DZKHQDOOWKH3&RVZHUHFRQVLGHUHGDQGWKH*('ZDVXVHGDVWKHGLVWDQFHPHDVXUH)LJXUHV
 DQG  VHH /HKPDQQ HW DO  6,  IRU WKH FRPSOHWH UHVXOWV7KLV FRQWUDVWV ZLWK WKH UHVXOWV
SURGXFHG E\ WKH 025' LQ ZKLFK  RI WKH PDWULFHV SUHVHQWHG D QRQVLJQLILFDQW FRUUHODWLRQ
EHWZHHQWKHYDULDEOHV7KHVHSHUFHQWDJHVDUHVLPLODUWRWKRVHREWDLQHGXVLQJRQO\WKHILUVWWKUHH3&RV
)LJXUH:KHQXVLQJLQFUHDVLQJDPRXQWVRIYDULDQFHXSWRXVLQJDOOWKH3&RVWKHVDPHUHVXOWLV
UHWDLQHGLHPRVWO\QHJDWLYHDQGVLJQLILFDQWFRUUHODWLRQVZLWKWKH*('DQGPRVWO\QRQVLJQLILFDQW
FRUUHODWLRQVZLWKWKH025')LJXUHVHH/HKPDQQHWDO6,IRUWKHFRPSOHWHUHVXOWV7KH
UHVXOWVRIWKLVDQDO\VLVGRQRWDSSHDUWREHDIIHFWHGE\WKHXVHRIWKH/LQJRHVFRUUHFWLRQIRUQHJDWLYH
HLJHQYDOXHV DV WKH SHUFHQWDJHV DUH VLPLODU ZKHQ LW LV XVHG DQG ZKHQ QR FRUUHFWLRQ LV DSSOLHG
/HKPDQQHWDO6, 
 
(PSLULFDO PDWULFHV ZLWK VLPXODWHG PLVVLQJ GDWD 7KH VLPXODWLRQV VKRZHG D WUHQG VLPLODU WR WKDW
REVHUYHGLQWKHDQDO\VLVZLWKWKHPDWULFHVZLWKPRUHWKDQRIPLVVLQJGDWDLQZKLFKWKH*('
SURGXFHV DKLJK SURSRUWLRQ RI VLJQLILFDQW FRUUHODWLRQV ZLWK QHJDWLYH FRHIILFLHQWV DQG WKH 025'
PRVWO\QRQVLJQLILFDQWFRUUHODWLRQV)LJXUHVHH/HKPDQQHWDO6,IRUWKHFRPSOHWHUHVXOWV 
 
(IIHFWRQGLVSDULW\PHDVXUHV 
:KROHPDWUL[DQDO\VLV%RWKGLVWDQFHVSURGXFHGFRQVLVWHQWUHVXOWVIRUWKHSUHRUGLQDWLRQPHDVXUHVRI
GLVSDULW\)LJXUH7KH*('JHQHUDWHGWKHKLJKHVWYDOXHIRUWKHFRPSOHWHPDWUL[ZLWKSURJUHVVLYHO\
ORZHU DYHUDJH GLVSDULWLHV DV WKH SHUFHQWDJH RI PLVVLQJ GDWD LQFUHDVHG 7KH 025' VKRZHG YHU\
VLPLODUDYHUDJHGLVSDULW\YDOXHVDFURVVWKHUDQJHRISHUFHQWDJHRIPLVVLQJGDWDVWXGLHGZLWKVRPH
PDWULFHVKDYLQJDVPDOOGLSDWDURXQGRIPLVVLQJGDWD/HKPDQQHWDO6,7KLVZDV
H[SHFWHGEHFDXVHWKH025'H[SOLFLWO\WDNHVLQWRDFFRXQWWKHDPRXQWRIPLVVLQJGDWDSUHVHQW 
 7KHSRVWRUGLQDWLRQPHDVXUHVSUHVHQWHGDPRUHFRPSOH[SDWWHUQZKHQWKH*('ZDVXVHG7KH
VXPRIYDULDQFHVJHQHUDOO\GHFUHDVHGDVWKHSHUFHQWDJHRIPLVVLQJGDWDLQFUHDVHGVWDUWLQJIURPWKH
KLJKHVWYDOXHLIQRDGGLWLRQDOPLVVLQJGDWDZDVLQWURGXFHG+RZHYHUWKLVZDVQRWDOZD\VWKHFDVH,Q
VRPHRIWKHPDWULFHVWKHYDOXHVRIWKHVXPRIYDULDQFHVIRUWKHXQPRGLILHGPDWUL[ZHUHORZHUWKDQ
WKRVHZLWKDGGHGPLVVLQJGDWDZKLOH LQRWKHUV WKHPD[LPXPDYHUDJH YDOXHZDVUHDFKHGZLWK WKH
DGGLWLRQRI±RIPLVVLQJGDWD/HKPDQQHWDO6,1HYHUWKHOHVVWKHDYHUDJHVXPRI
YDULDQFHV WHQGHG WRGLPLQLVK DIWHU DGGLQJ ± RI PLVVLQJGDWD7KH VXP RI UDQJHVSUHVHQWHG
SDWWHUQVVLPLODUWRWKRVHRIWKHVXPRIYDULDQFHVIRUHDFKPDWUL[ 
 :KHQWKH025'ZDVXVHGWKHDYHUDJHVXPRIYDULDQFHVLQFUHDVHGZLWKKLJKHUSHUFHQWDJHV
RIPLVVLQJGDWDLQDOOWKHVWXGLHGPDWULFHV7KHVXPRIUDQJHVSUHVHQWHGDVLPLODUEHKDYLRXUEXWLQ
VRPHFDVHVWKHDYHUDJHGLVSDULW\GHFUHDVHGGXULQJWKHDGGLWLRQRI±RIPLVVLQJGDWDDQGDIWHU
WKHLQWURGXFWLRQRIKLJKHUSHUFHQWDJHVRIPLVVLQJGDWDLWLQFUHDVHG 
 
*URXSVRIWD[DIURPWKHVDPHPDWUL[:KHQWKH*('ZDVXVHGWKHQLQHVWXGLHGPDWULFHVVKRZHG
FRUUHODWLRQVSURJUHVVLYHO\FORVHUWRDVWKHGLIIHUHQFHLQPLVVLQJGDWDEHWZHHQWKHJURXSVLQFUHDVHG
)LJXUH/HKPDQQHWDO6,IRUWKHFRPSOHWHUHVXOWV7KLVHIIHFWZDVPRUHSURQRXQFHGIRU
WKHSUHRUGLQDWLRQGLVSDULW\PHDVXUHVZKLFKDOVRSUHVHQWHGVLPLODUUDQNLQJVRIWKHGLVSDULW\RIWKH
JURXSVZKHQ WKHPLVVLQJGDWDZDVKRPRJHQHRXVO\GLVWULEXWHGZLWKUHVSHFW WRWKHUDQNLQJZLWKRXW
DGGLWLRQ RI PLVVLQJ GDWD 7KH SRVWRUGLQDWLRQ PHDVXUHV VKRZHG D VLPLODU EHKDYLRXU EXW QRW DV
SURQRXQFHG7KHDYHUDJHFRUUHODWLRQVZLWKKRPRJHQHRXVO\GLVWULEXWHGPLVVLQJGDWDZHUHQHJDWLYH
WKRXJKQRQVLJQLILFDQW 
 7KHVLPXODWLRQVFRQGXFWHGZLWKWKH025'VKRZHGWKDWWKHGLIIHUHQFHVLQWKHSHUFHQWDJHRI
PLVVLQJGDWDDPRQJWKHJURXSVKDYHOLWWOHHIIHFWRQWKHSUHRUGLQDWLRQPHDVXUHV)LJXUH)RUWKHVH
GLVSDULW\PHDVXUHVDOPRVWDOORIWKHPHDQFRUUHODWLRQFRHIILFLHQWVZHUHQRWVLJQLILFDQWO\GLIIHUHQWLQ
HDFKOHYHORISHUFHQWDJHRIPLVVLQJGDWDDQGQRFOHDUELDVZDVSUHVHQW,QILYHRIWKHQLQHVWXGLHG
PDWULFHVWKHSRVWRUGLQDWLRQPHDVXUHVSURJUHVVLYHO\VKRZHGFRUUHODWLRQVFORVHUWRZKLFKVXJJHVW
D UHYHUVHG RUGHU RI GLVSDULW\ IURP WKH EDVH UDQNLQJ 7KLV LPSOLHV WKDW WKH JURXSV ZLWK KLJKHU
SHUFHQWDJHVRIPLVVLQJGDWDDUHUHFRYHUHGDVPRUHGLVSDUDWHWKDQWKRVHZLWKORZHUSHUFHQWDJHVZKLFK
LVWKHLQYHUVHSDWWHUQUHFRYHUHGIRUWKH*(' 
 
',6&866,21 
 
7KHHIIHFWRIWKH*('LQGLVSDULW\DQDO\VHVZLWKPLVVLQJGDWD 
7KHUHVXOWVSUHVHQWHGKHUHUHYHDOWKDWWKH*('JHQHUDOO\SURGXFHVDVLJQLILFDQWQHJDWLYHFRUUHODWLRQ
EHWZHHQWKHSHUFHQWDJHRIPLVVLQJGDWDRIDWD[RQDQGLWVGLVWDQFHWRWKHFHQWURLG,QRWKHUZRUGVWKH
PRUHLQIRUPDWLRQLVODFNLQJIRUDWD[RQWKHFORVHULWZLOOEHSODFHGWRWKHFHQWUHRIWKHPRUSKRVSDFH
)LJXUH7KLVKDVEHHQREVHUYHGLQWKHPRUSKRORJLFDOPDWULFHVZLWKDZLGHUDQJHRIGLVWULEXWLRQV
RIPLVVLQJGDWD/HKPDQQHWDO6,DQGLQWKHDOPRVWFRPSOHWHPRUSKRORJLFDOPDWULFHVZLWK
WKHVLPXODWHGLQFOXVLRQRIPLVVLQJHQWULHV$OVRWKHSUHVHQFHRIWKLVELDVVHHPVWREHLQGHSHQGHQWRI
WKHQXPEHURI3&RVXVHGWRFDOFXODWHWKHGLVWDQFHVWRWKHFHQWURLGVRWKHXVHRIRQO\FHUWDLQ3&RD[HV
FDQQRWVROYHWKLV LVVXH,QWKHDQDO\VLVZLWKJURXSVZLWKGLIIHUHQWSHUFHQWDJHVRIPLVVLQJGDWDWKH
*('VKRZHGDELDVIRUDOOWKHVWXGLHGPDWULFHVDQGIRUDOOWKHGLVSDULW\PHDVXUHVH[SORUHG$UHVXOW
FRQVLVWHQWZLWKWKLVVWXG\KDVEHHQUHFHQWO\UHSRUWHGE\(]FXUUDDQG%XWOHUIRUDQHPSLULFDO
PRUSKRORJLFDOPDWUL[ 
 7KHELDVFDXVHGE\WKHXVHRIWKH*('PD\KDYHSURIRXQGFRQVHTXHQFHVIRUWKHVWXG\RI
PRUSKRORJLFDO GLVSDULW\ LQ WKH IRVVLO UHFRUG DV SDODHRQWRORJLFDO GDWD PDWULFHV SDUWLFXODUO\ WKRVH
IRFXVHGRQIRVVLOYHUWHEUDWHVW\SLFDOO\KDYHDKLJKSURSRUWLRQRIPLVVLQJGDWD/OR\G,IWKH
PLVVLQJGDWDDUHUDQGRPO\GLVWULEXWHGLQWKHPDWUL[WKHHIIHFWZLOOEHGLOXWHGDPRQJDOOWKHWD[DEXW
LIWKH\DUHFRQFHQWUDWHGLQVRPHWD[DZKLFKLVOLNHO\WREHWKHFDVHLQPDQ\HPSLULFDOGDWDPDWULFHV
WKHLQWHUSUHWDWLRQVRIWKHGLVSDULW\DQDO\VLVPD\EHIODZHG)RUH[DPSOHLIDFODGHLVUHSUHVHQWHGE\
PRUHLQFRPSOHWHIRVVLOVSHFLPHQVLQDSDUWLFXODUWLPHLQWHUYDOWKHGLVSDULW\PHDVXUHVFDOFXODWHGIURP
WKH*('FRXOGELDVWKHUHVXOWVWRZDUGVDQLQWHUSUHWDWLRQLQZKLFKWKLVFODGHKDVDORZHUGLVSDULW\LQ
WKLVWLPHLQWHUYDOWKDQLQRWKHUVZLWKPRUHFRPSOHWHVSHFLPHQV 
,QILYHRIWKHQLQHVWXGLHGPDWULFHVIRUJURXSVZLWKGLIIHUHQWSHUFHQWDJHVRIPLVVLQJGDWDWKH
025'VKRZHGDELDVWRZDUGVUHFRYHULQJWKHJURXSVZLWKPRUHPLVVLQJGDWDDVPRUHGLVSDUDWHLQWKH
FDVHRIWKHSRVWRUGLQDWLRQPHDVXUHV7KLVSDWWHUQLVFRQJUXHQWZLWKWKHREVHUYDWLRQRI(]FXUUDDQG
%XWOHUWKDWLQDQHPSLULFDOGDWDVHWVRPHWD[DZLWKKLJKSHUFHQWDJHVRIPLVVLQJGDWDWHQGHGWR
EHSXVKHGWRWKHHGJHRIWKHPRUSKRVSDFHDQGDZD\IURPWKHFHQWURLGZKHQWKH025'ZDVXVHG
+RZHYHUWKLVELDVFDQEHPLWLJDWHGE\DYRLGLQJRUGLQDWLRQDOWRJHWKHUDVDGYRFDWHGE\/OR\G
DQGDVVKRZQKHUHLQWKHSUHRUGLQDWLRQLHRUGLQDWLRQIUHHGLVSDULW\PHDVXUHV 
 
&RQWUDGLFWRU\UHVXOWVWRSUHYLRXVVWXGLHV 
&LDPSDJOLRHWDOVWXGLHGWKHEHKDYLRXURIWKH03'DQGWKHVXPRIYDULDQFHVZLWKGLIIHUHQW
DPRXQWV RI PLVVLQJ GDWD DV SDUW RI WKH PRVW WKRURXJK HYDOXDWLRQ RI WKH SHUIRUPDQFH RI VHYHUDO
GLVSDULW\ PHDVXUHV SXEOLVKHG VR IDU ,Q WKDW DQDO\VLV ERWK PHDVXUHV VKRZHG QR YDULDWLRQ LQ WKHLU
DYHUDJHYDOXHVDVWKHSHUFHQWDJHRIUDQGRPO\GLVWULEXWHGPLVVLQJHQWULHVFKDQJHGIURPWRE\
LQFUHPHQWVRI+RZHYHUWKHUHVXOWVUHFRYHUHGLQRXUVWXG\VKRZDUHPDUNDEO\GLIIHUHQWEHKDYLRXU
ZLWK WKH PHDQ YDOXHV RI WKH 03' GHFUHDVLQJ DV WKH SHUFHQWDJH RI PLVVLQJ GDWD LQFUHDVHV LQ WKH
VLPXODWLRQVDQGWKHVXPRIYDULDQFHVVKRZLQJDVLPLODUEXWPRUHFRPSOH[EHKDYLRXU)LJXUH 
 $QLPSRUWDQWGLIIHUHQFHLVKRZ&LDPSDJOLRHWDODQGZHVLPXODWHGWKHPLVVLQJGDWD
&LDPSDJOLRHWDOVLPXODWHGWKHPLVVLQJHQWULHVE\VHOHFWLQJLWHUDWLYHO\DFROXPQRIWKHPDWUL[
LHWKHVFRUHVRIDFKDUDFWHUIRUDOOWD[DDQGWKHQDQHQWU\RIWKDWFROXPQLHDFKDUDFWHUVFRUHIRU
DVLQJOHWD[RQ7KLVVHOHFWHGHQWU\ZDVUHSODFHGE\WKHPHDQRIDOOWKHRWKHUVFRUHVLQWKHFROXPQ
DQGWKHHQWLUHSURFHGXUHZDVUHSHDWHGXQWLOWKHGHVLUHGSURSRUWLRQRI³PLVVLQJGDWD´ZDVDFKLHYHG
&LDPSDJOLRHWDOS+RZHYHUWKLVPHWKRGLVLQDGHTXDWHEHFDXVHLQHPSLULFDOPDWULFHV
WKHPLVVLQJHQWULHVDUHQRWDGGHGVHTXHQWLDOO\7KHVXFFHVVLYHUHSODFHPHQWRIPLVVLQJHQWULHVZLWKWKH
PHDQYDOXHVRI WKH FROXPQFRXOGQHYHUEHDSSOLHG WRDQHPSLULFDOPDWUL[VRWKHUHVXOWV\LHOGQR
LQIRUPDWLRQIRUFRPSDULVRQVZLWKSRVVLEOHSURWRFROVRIPLVVLQJGDWDKDQGOLQJ$OVRLWPXVWEHQRWHG
WKDWWKHPDWULFHVDUHHIIHFWLYHO\FRPSOHWHDVQRVFRULQJLVDFWXDOO\PLVVLQJ 
 ,QRXUVWXG\WKHPLVVLQJGDWDLVVLPXODWHGE\WKHGLUHFWHOLPLQDWLRQRILQIRUPDWLRQIURPWKH
PRUSKRORJLFDOPDWUL[1RDWWHPSWLVPDGHWRUHSODFHWKHPLVVLQJHQWULHVLQWKHPRUSKRORJLFDOPDWUL[
WKLVLVSRVVLEOHEXWRXWVLGHWKHVFRSHRIWKLVVWXG\7KLVOHDYHVWKHKDQGOLQJRIWKHPLVVLQJLQIRUPDWLRQ
WR WKH FDOFXODWLRQ RI WKH GLVWDQFH PHDVXUH7KH *(' UHSODFHV WKHPLVVLQJGLVVLPLODULWLHV QRW WKH
PLVVLQJHQWULHVRIWKHRULJLQDOGDWDPDWUL[DQGWKH025'GRHVQRWUHSODFHDQ\PLVVLQJLQIRUPDWLRQ
LWMXVWUHVFDOHVWKHGLVWDQFHVZLWKWKHQXPEHURIDYDLODEOHFRPSDULVRQVEHWZHHQDSDLURIWD[DVHH
/HKPDQQHWDO6,7KH*('WKHQVTXDUHVDQGVXPVWKHGLVVLPLODULWLHVDQGILQDOO\FDOFXODWHV
WKHVTXDUHURRWRIWKLVYDOXH7KLVVHULHVRIWUDQVIRUPDWLRQVFRPSOLFDWHVDVWUDLJKWIRUZDUGSUHGLFWLRQ
RIWKHEHKDYLRXURIWKHFDOFXODWHGGLVSDULW\PHDVXUHVZKHQUDQGRPO\GLVWULEXWHGPLVVLQJHQWULHVDUH
DGGHG 
 :H UHSOLFDWHG WKH SURFHGXUH RI PLVVLQJ GDWD LQWURGXFWLRQ RI &LDPSDJOLR HW DO  WR
TXDQWLWDWLYHO\FRPSDUHWKHLU UHVXOWV WRRXUVVHH/HKPDQQHWDO6,2XUUHVXOWVZLWKWKH
SURWRFRO RI &LDPSDJOLR HW DO  DUH PDUNHGO\ GLIIHUHQW IURP WKRVH REWDLQHG E\ WKH RULJLQDO
DXWKRUV 7KH UHODWLYHO\ FRQVWDQW YDOXHV RI WKHVH GLVSDULW\ PHDVXUHV ZLWK LQFUHDVLQJ TXDQWLWLHV RI
PLVVLQJGDWD FRXOGQRW EH UHFRYHUHG KHUH DQG ZH IRXQG WKDW WKH DEVROXWH YDOXHV RI WKHGLVSDULW\
PHDVXUHV WHQGHG WR GHFUHDVH DV PRUH PLVVLQJ GDWD LV LQWURGXFHG UHVHPEOLQJ WKH UHVXOWV RI RXU
VLPXODWLRQV)RUWKHVXPRIYDULDQFHVWKHUHVXOWVZHUHUREXVWWRHLWKHUXVLQJRULJQRULQJWKH/LQJRHV
FRUUHFWLRQ7KHFDOFXODWLRQSURWRFRORIWKHVHPHDVXUHVDOVRGLIIHUVEHWZHHQERWKVWXGLHVVHH/HKPDQQ
HWDO6,EXWWKHDQDO\VLVZHFRQGXFWHGVKRZHGWKDWQRPDWWHUZKLFKIRUPXODLVXVHGWKH
UHVXOWVDUHFRQVLVWHQWVHH/HKPDQQHWDO6, 
 7KXV QHLWKHU WKH GLIIHUHQW SURWRFRO RI PLVVLQJ GDWD LQWURGXFWLRQ WKH GLIIHUHQFHV LQ WKH
FDOFXODWLRQRIWKHGLVSDULW\PHDVXUHVQRUWKHXVHRIDFRUUHFWLRQIRUQHJDWLYHHLJHQYDOXHVLQWKHFDVH
RIWKHVXPRIYDULDQFHVHHPWRDFFRXQWIRUWKHGLIIHUHQFHVIRXQG 
  
 
7KH025'DVDPRUHUREXVWGLVWDQFHPHDVXUHIRUGHDOLQJZLWKPLVVLQJGDWD 
0DQ\PHWKRGVKDYHEHHQH[SORUHGWRGHDOZLWKODUJHDPRXQWVRIPLVVLQJGDWDVHH6PLWKHWDO
DQGGLVFXVVLRQWKHUHLQ,WLVFHUWDLQO\GLIILFXOWWR LPDJLQHDQHOHJDQWDQGXQELDVHGZD\WRGRWKLV
HVSHFLDOO\ EHFDXVH DQ\ LPSXWDWLRQ ZLOO PRVW OLNHO\ LQGXFH VRPH NLQG RI ELDV ,Q WKLV VWXG\ ZH
LQYHVWLJDWHGZKDWKDSSHQVZKHQWKH*('LVXVHGWRGHDOZLWKPLVVLQJGDWDDQGIRXQGWKDWWKHVROXWLRQ
LW SURSRVHV LQGXFHV DQ LPSRUWDQW ELDV LQ WKH SUH DQG SRVWRUGLQDWLRQ GLVSDULW\ PHDVXUHV DQG WKH
PRUSKRVSDFH 
 7KH*('ZDVQRWGHVLJQHGWRGHDOZLWKPDWULFHVZLWKODUJHSURSRUWLRQVRIPLVVLQJGDWDDV
WKHXVHRIDZHLJKWHGPHDQGLVVLPLODULW\ZDVVXJJHVWHGIRUFDVHVµ:KHUHWKHSURSRUWLRQRIPLVVLQJ
GDWDLVUHODWLYHO\VPDOO>@¶:LOOVS7KHRYHUDOOSHUFHQWDJHRILQIRUPDWLRQEHLQJDGGHG
LVKLJKHU WKDQ WKDWRIPLVVLQJGDWD IRXQG LQ WKHPRUSKRORJLFDO PDWUL[EHFDXVH WKH*(' UHSODFHV
PLVVLQJ FKDUDFWHU GLVVLPLODULWLHV EHWZHHQ SDLUV RI WD[D QRW PLVVLQJ HQWULHV )RU H[DPSOH DOO WKH
PDWULFHVWKDWKDGPRUHWKDQRIPLVVLQJGDWDLQWKHRULJLQDOGDWDPDWUL[KDGPRUHWKDQRI
PLVVLQJGLVVLPLODULWLHVLQWKHGLVWDQFHPDWUL[7KLVIDFWLPSOLHVWKDWPRUHDUWLILFLDOYDOXHVZHUHXVHG
IRU WKH FRQVWUXFWLRQ RI WKHLU GLVWDQFH PDWULFHV WKDQ WKH LQIRUPDWLRQ DFWXDOO\ SURYLGHG E\ WKH
PRUSKRORJLFDOPDWUL[7KLVGRHVQRWPHDQWKDWWKHGLVWDQFHPHDVXUHLWVHOI\LHOGVLQDGHTXDWHUHVXOWV
7KHPDLQSUREOHPIRXQGLQWKLVZRUNLVWKDWWKHZHLJKWHGPHDQYDOXHVDGGHGWRSHUPLWWKHFUHDWLRQ
RIDFRPSOHWHGLVWDQFHPDWUL[VNHZVWKHUHVXOWVDVZDVSUHYLRXVO\GLVFXVVHGSDUWLFXODUO\ZKHQWKH
*('LVDSSOLHGWRPDWULFHVZLWKDODUJHDPRXQWRIPLVVLQJGDWD 
 7KH XVH RI DOWHUQDWLYH GLVWDQFH PHDVXUHV VXFK DV WKH 025' PD\ DOOHYLDWH WKH HIIHFW RI
PLVVLQJGDWD7KH025'GLGQRWJHQHUDWHVXFKDUHPDUNDEOHWUHQGRIFRUUHODWLRQVQRULQGXFHDQ\
YLVLEOHV\VWHPDWLFELDVLQRXUDQDO\VHVDWOHDVWLQWKHPDMRULW\RIRXUUHVXOWV,IWKLVLVFRPELQHGZLWK
WKHVXJJHVWLRQWKDWLWUHWDLQVPRUHRIWKHRULJLQDOVLJQDORIWKHGDWDWKDQRWKHUGLVWDQFHV/OR\G
WKH025'VHHPVWREHDEHWWHUDOWHUQDWLYHWKDQWKH*('LQWKHFRQVWUXFWLRQRIWKHGLVWDQFHPDWUL[
IRUDGLVSDULW\DQDO\VLVSDUWLFXODUO\ LI WKHPDWUL[EHLQJDQDO\VHGKDVDKLJKSURSRUWLRQRIPLVVLQJ
GDWD$QLVVXHZLWKWKHXVHRIWKH025'LVWKDWLWGRHVQRWJXDUDQWHHDFRPSOHWHGLVWDQFHPDWUL[
WKXVSUHFOXGLQJWKHRUGLQDWLRQRIWKHFRPSOHWHGDWDVHWDQGWKHFUHDWLRQRIDPRUSKRVSDFHLIPLVVLQJ
GLVWDQFHVDUHSUHVHQW,QWKHVHFDVHVVRPHWD[DPD\KDYHWREHWULPPHGWRFRQWLQXHZLWKWKHDQDO\VLV
RU DV /OR\G  UHFRPPHQGHG RUGLQDWLRQIUHH DSSURDFKHV FDQ EH SXUVXHG LQVWHDG $QRWKHU
XQH[SORUHGVROXWLRQPD\EHWRFRPELQHWKH:LOOVDQG/OR\GLQWHUSUHWDWLRQVRIWKH*('
LQWR D QHZ ³K\EULG´ *(' VXFK WKDW PLVVLQJ GLVWDQFHV DUH LQIHUUHG IURP HLWKHU WKH UHVW RI WKH
LQIRUPDWLRQIRUWKHWD[RQSDLULIDYDLODEOHRUWKHJOREDOPHDQDOOWD[RQSDLUVLIQRW7KXVDFRPSOHWH
SDLUZLVH GLVWDQFH PDWUL[ FRXOG VWLOO EH UHWXUQHG EXW WKH SRWHQWLDO ELDVHV VKRZQ KHUH FRXOG EH
PLQLPLVHG 
 7KH *(' VKRZHG D V\VWHPDWLF ELDV IRU WKH YDVWPDMRULW\ RI WKH PDWULFHV VWXGLHG DQG WKH
025'VKRZHGVRPHKLQWVRIELDVZKHQFRXSOHGZLWKWKHSRVWRUGLQDWLRQGLVSDULW\PHDVXUHV)URP
WKHVH UHVXOWV LW LV FOHDU WKDWZKLFKHYHU GLVWDQFH LVFKRVHQ DQ DGHTXDWH VFUHHQLQJRI WKHGLVWDQFH
PDWULFHV DQG WKH RUGLQDWLRQ UHVXOWV LV H[WUHPHO\ LPSRUWDQW WR GHWHFW DQ\ SRVVLEOH ELDV DQG DYRLG
DUWHIDFWXDOFRQFOXVLRQVHVSHFLDOO\ZKHQSRVWRUGLQDWLRQGLVSDULW\PHDVXUHVDUHGHVLUHG7KHXVHRI
WKH 025' PD\ QRW VROYH WKH LVVXH RI LQFRPSOHWH GLVWDQFH PDWULFHV LQ WKHVH VFHQDULRV EXW WKH
DSSDUHQWVROXWLRQSURYLGHGE\WKH*('VHHPVWREHXQUHOLDEOHQRWRQO\IRUSRVWRUGLQDWLRQGLVSDULW\
PHDVXUHVEXWDOVRIRUVRPHFRPPRQSUHRUGLQDWLRQRQHV:HWKXVVXJJHVWWKDWWKH*('VKRXOGEH
XVHGZLWKFDXWLRQLQSDUWLFXODUZKHQWKHPRUSKRORJLFDOPDWUL[KDVDKLJKSHUFHQWDJHRIPLVVLQJGDWD 
 
$FNQRZOHGJHPHQWV :H WKDQN WZR DQRQ\PRXV UHYLHZHUV IRU WKHLU XVHIXO FRPPHQWV DERXW WKH
PDQXVFULSWDQG6DOO\7KRPDVIRUHGLWRULDOVXJJHVWLRQV5-%LVVXSSRUWHGE\WKH(XURSHDQ8QLRQ
V
+RUL]RQ  UHVHDUFK DQG LQQRYDWLRQ SURJUDPPH XQGHU JUDQW DJUHHPHQW  (5& 6WDUWLQJ
*UDQW7(55$ 
 
'$7$$5&+,9,1*67$7(0(17 
 
'DWDIRUWKLVVWXG\LQFOXGLQJGDWDVHWVVFULSWVDQGFRPSOHWHJUDSKLFDOUHVXOWVDUHDYDLODEOH LQWKH
'U\DG'LJLWDO5HSRVLWRU\KWWSVGRLRUJGU\DGFY 
 
6833257,1*,1)250$7,21 
 
$GGLWLRQDO6XSSRUWLQJ,QIRUPDWLRQFDQEHIRXQGLQWKHRQOLQHYHUVLRQRIWKLVDUWLFOH 
 
$SSHQGL[6)RUPXODVDQGGLVFXVVLRQRIWKHGLVWDQFHVDQGGLVSDULW\PHDVXUHVXVHGLQWKLVVWXG\ 
$SSHQGL[65HIHUHQFHVRIWKHPDWULFHVHPSOR\HGLQWKLVVWXG\ 
$SSHQGL[67DEOHZLWKWKHEDVLFLQIRUPDWLRQRIWKHPDWULFHVHPSOR\HGLQWKLVVWXG\ 
$SSHQGL[6'LVWULEXWLRQRIPLVVLQJGDWDLQWKHPDWULFHVXVHGLQWKLVVWXG\ 
 
$SSHQGL[66FDWWHUSORWV IRU WKHPDWULFHVZLWKPRUH WKDQ RI PLVVLQJGDWD VKRZLQJ WKH
(XFOLGHDQ GLVWDQFH WR WKH FHQWURLG IRU HDFK WD[RQ DJDLQVW LWV SHUFHQWDJH RI PLVVLQJ HQWULHV DQG
KLVWRJUDPVKRZLQJWKHUHVXOWVRIWKHDQDO\VLVZLWKRXWWKH/LQJRHVFRUUHFWLRQ 
$SSHQGL[66FDWWHUSORWV IRU WKHPDWULFHVZLWKPRUH WKDQ RI PLVVLQJGDWDVKRZLQJ WKH
FRUUHODWLRQ FRHIILFLHQW EHWZHHQ WKH (XFOLGHDQ GLVWDQFH WR WKH FHQWURLG IRU HDFK WD[RQ DQG LWV
SHUFHQWDJH RI PLVVLQJ HQWULHV DJDLQVW WKH SHUFHQWDJH RI H[SODLQHG YDULDQFH RI WKH 3&RV XVHG WR
FDOFXODWHWKHGLVWDQFHWRWKHFHQWURLG 
$SSHQGL[ 6 +LVWRJUDPV IRU WKH  PDWULFHV ZLWK OHVV WKDQ  RI PLVVLQJ GDWD VKRZLQJ WKH
SHUFHQWDJHRIUHSOLFDWLRQVZLWKVLJQLILFDQWDQGQHJDWLYHQRQVLJQLILFDQWDQGSRVLWLYHDQGVLJQLILFDQW
FRUUHODWLRQVEHWZHHQWKH(XFOLGHDQGLVWDQFHWRWKHFHQWURLGDQGWKHSHUFHQWDJHRIPLVVLQJHQWULHVRI
WKHWD[D 
$SSHQGL[65HVXOWVIURPWKHPRUSKRORJLFDOPDWULFHVIRUWKHVWXGLHGGLVSDULW\PHDVXUHVDJDLQVW
WKHSURSRUWLRQRIUDQGRPO\GLVWULEXWHGPLVVLQJHQWULHVDGGHGWRPRUSKRORJLFDOPDWULFHV 
$SSHQGL[65HVXOWVRIVLPXODWLRQVZLWKJURXSVRIWD[DDQGGLIIHUHQWGLVWULEXWLRQVRIPLVVLQJHQWULHV 
$SSHQGL[63URFHGXUHWRFRPSDUHWKHSURWRFRORIPLVVLQJGDWDJHQHUDWLRQRI&LDPSDJOLRHWDO
DQGRIWKLVVWXG\DQGUHODWHGILJXUHV 
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%UXVDWWH 6 / 0RQWDQDUL 6<L + DQG 1RUHOO 0$  3K\ORJHQHWLF FRUUHFWLRQV IRU PRUSKRORJLFDO GLVSDULW\
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),*85(&$37,216 
 
)LJXUH 6FDWWHU SORWV RI GLVWDQFH WRFHQWURLG DJDLQVW SHUFHQWDJH RI PLVVLQJGDWD LQ WD[D RI WKUHH
VHOHFWHGPDWULFHV7KHGLVWDQFHVDUHFDOFXODWHGDVWKH(XFOLGHDQGLVWDQFHLQWKHPRUSKRVSDFHZLWKWKH
FRUUHVSRQGLQJQXPEHU3&RVDQGDUHVFDOHGWRXQLWWR IDFLOLWDWHFRPSDULVRQV5HJUHVVLRQ OLQHVDUH
VKRZQIRUHDFKGDWDVHW³6´GHQRWHVDVLJQLILFDQW6SHDUPDQ¶VFRUUHODWLRQEHWZHHQYDULDEOHVDQG³16´
DQRQVLJQLILFDQWFRUUHODWLRQZLWKĮ 7KHGLVWDQFHVDUHFDOFXODWHGEDVHGRQWKHILUVW3&RV
DQGIRUDOOWKH3&RV 
 
)LJXUH+LVWRJUDPVVKRZLQJWKHSHUFHQWDJHRIPDWULFHVZLWKVLJQLILFDQWDQGQHJDWLYHEODFNQRQ
VLJQLILFDQWOLJKWJUH\DQGVLJQLILFDQWDQGSRVLWLYHGDUNJUH\6SHDUPDQ¶VFRUUHODWLRQVIRUWKH*('
DQGWKH025'ZLWKĮ 7KHGLVWDQFHVDUHFDOFXODWHGEDVHGRQWKHILUVW3&RVDQGDOOWKH3&RV 
 
)LJXUH9DULDWLRQLQWKH6SHDUPDQ¶VFRUUHODWLRQFRHIILFLHQWEHWZHHQWKHSHUFHQWDJHRIPLVVLQJGDWD
LQ WD[D DQG WKHLU (XFOLGHDQ GLVWDQFH WR WKH FHQWURLG WKURXJK LQFUHDVLQJ SHUFHQWDJHV RI H[SODLQHG
YDULDQFHIRUWKUHHVHOHFWHGGDWDPDWULFHV)LOOHGV\PEROVGHQRWHVLJQLILFDQWFRUUHODWLRQVZKLOHRSHQ
V\PEROVLQGLFDWHQRQVLJQLILFDQWFRUUHODWLRQVZLWKĮ  
 
)LJXUH+LVWRJUDPVVKRZLQJWKHSHUFHQWDJHRIUHSOLFDWLRQVZLWKVLJQLILFDQWDQGQHJDWLYHEODFN
QRQVLJQLILFDQW OLJKW JUH\ DQG VLJQLILFDQW DQG SRVLWLYH GDUN JUH\ FRUUHODWLRQV EHWZHHQ WKH
(XFOLGHDQ GLVWDQFH WR WKH FHQWURLG DQG WKH SHUFHQWDJH RI PLVVLQJ GDWD LQ WD[D IRU WKUHH VHOHFWHG
PDWULFHVFDOFXODWHGIRUWKH*('DQGWKH025'ZLWKĮ $SSUR[LPDWHO\RIWKHHQWULHV
LQWKHPDWULFHVZHUHUHSODFHGZLWKPLVVLQJGDWDDQGWKLVSURFHGXUHZDVUHSHDWHGWLPHVIRUHDFK
PDWUL[DQGGLVWDQFHPHDVXUH7KHGLVWDQFHWRWKHFHQWURLGZDVFDOFXODWHGXVLQJDOOWKH3&RV 
 
)LJXUH  'LVSDULW\ YDOXHV IRU WKH VWXGLHG GLVSDULW\PHDVXUHV DJDLQVW WKHSURSRUWLRQ RI UDQGRPO\
GLVWULEXWHGPLVVLQJHQWULHVDGGHGWRPRUSKRORJLFDOPDWUL[RI3pUH]FDOFXODWHGIURPGLVWDQFH
PDWULFHVJHQHUDWHGIURPWKH*('DQGWKH025'(DFKGRWUHSUHVHQWVWKHPHDQRIUHSOLFDWLRQV
7KHYDOXHVDUHVFDOHGWRXQLWIRUHDFKGLVWDQFHDQGPHDVXUHWRDOORZDQHDVLHUYLVXDOFRPSDULVRQ
9HUWLFDOEDUVLQGLFDWHWKHFRQILGHQFHLQWHUYDOIRUWKHPHDQ9DOXHVRIWKHSHUFHQWDJHRIPLVVLQJ
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WRWKHULJKWLQRUGHUWRDYRLGRYHUODSSLQJV 
 
)LJXUH5HVXOWVRIVLPXODWLRQVZLWKJURXSVRIWD[DDQGGLIIHUHQWGLVWULEXWLRQVRIPLVVLQJGDWDIRUWKH
PDWUL[RI3pUH](DFKGRWUHSUHVHQWVWKHPHDQRIYDOXHVZLWKEDUV LQGLFDWLQJWKH
ERRWVWUDSIRUWKHPHDQ7KHGDVKHGYHUWLFDOOLQHUHSUHVHQWVWKHUHIHUHQFHFRUUHODWLRQRIVHHWH[WIRU
DGHWDLOHGH[SODQDWLRQ9DOXHVFORVHUWRDQGLQGLFDWHDVWURQJHULQIOXHQFHRIWKHGLIIHUHQFHVLQ
WKHPLVVLQJGDWDSHUJURXSLQWKHUDQNLQJRIWKHGLVSDULW\PHDVXUHV7KHFROXPQ µ¶LQGLFDWHVWKH
SHUFHQWDJH RI PLVVLQJ GDWD IRU WKH PDWULFHV LQ WKH FRUUHVSRQGLQJ VLPXODWLRQV DQG WKH FROXPQ µ6¶
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ELGLPHQVLRQDOPRUSKRVSDFHJHQHUDWHGDIWHUWKHDGGLWLRQRIRIPLVVLQJHQWULHVWRWKHWD[DPDUNHG
ZLWKEODFNGRWVSURGXFLQJWKHLUGLVSODFHPHQWGRWWHGOLQHVWRZDUGVWKHFHQWURLG&ELGLPHQVLRQDO
PRUSKRVSDFHJHQHUDWHGDIWHUWKHDGGLWLRQRIRIPLVVLQJHQWULHVWRWKHHQWLUHPDWUL[IROORZLQJD
EHWDGLVWULEXWLRQVDPHSURFHGXUHDVIRUWKHVLPXODWLRQVVHHWH[WVKRZLQJWKDWWKHVSDWLDOVWUXFWXUH
RIWKHJURXSVLVGLOXWHG7KHQXPEHUVLQSDUHQWKHVHVLQGLFDWHWKHSHUFHQWDJHRIYDULDQFHH[SODLQHGE\
HDFK3&R7KHPRUSKRVSDFHVRI%DQG&ZHUHURWDWHGWRPDWFK$YLD3URFUXVWHVWRDFFRPPRGDWHIRU
GLIIHUHQFHVLQWKHURWDWLRQDQGVFDOHRIWKHSRLQWVFORXG 
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